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Detailed Report 

(Name of invention) 
Immobilized biocatalyst 

Abstract 
(Constitution) 

This invention offers an immobilized biocatalyst which has the following, 
characteristics. A mixed solution which contains at least one monomer selected from 
acrylic acid and methacrylic acid and their salts and cells and/or enzyme is dispersed in a 
solvent that is either nearly insoluble or insoluble in water. After that, it is polymerized, 
and if desired, dried. 

(Effects of the invention) 

It is possible to immobilize a large number of cells and enzyme. At the same 
time, it can easily be turned into granules (spherical shape). The immobilized biocatalyst 
of this invention cart be stored in a dry condition. When it is used, a water based 
medium, for example* a cultivation can be added. It can be used in the desired 
biochemical reaction. 

Sphere of patent request 
(Claim 1) 

Claim 1 is concerning an immobilized biocatalyst which has the following 
characteristic. It is acquired by polymerizing a mixed solution (1), which contains at 
least one monomer (A) selected from a group consisting of acrylic acid and tnethacrylic 
acid and their salts, cells and/or enzyme, and water. 

(Claim 2) 

Claim 2 is concerning dried immobilized biocatalyst acquired by drying the 
iinmobilized biocatalyst in. claim 1. 

(Claim 3) 

Claim 3 is concerning the immobilized biocatalyst in claim. 1 or claim 2 where tile 
mixed solution (1) in. claim 1 contains a crosslinking agent. 

(Claim 4) 

Claim 4 is concerning the immobilized biocatalyst in claims 1 to 3. where the ratio 
of monomer (A) in claim 1 is in the range of 1 Q to 50 wt. % per mixed solution (1). 

(Claim 5.) 

Claim 5 is concerning a manufacturing method for the iimnobiiized biocatalyst 
which has the following characteristics. The. solution (1) in claim 1 is suspended and 
dispersed in a solvent which is either nearly insoluble or insoluble in water and it is 
polymerized to form a spherical immobilized biocatalyst. 

(Claim 6) 
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Claim 6 is concerning a manufacturing method for the immobilized biocatalyst 
which uses a suspension polymerization method stated in claim 5 which has the 
following characteristic. It uses solvent which is either nearly insoluble or insoluble in 
water where the ratio of the weight of solvent which is either nearly insoluble or 
insoluble in water and the weight of the mixed solution (1) is 1 :0<9 to 1 

(Claim 7) 

Claim 7 is concerning a manufacturing method for an immobilized biocatalyst 
which has the following characteristic. The mixed solution (1) in claim 1, is. polymerized 
by suspending and dispersing it in solvent which is either nearly insoluble or insoluble in 
water where a dispersion stabilizer has been added. 

(Claim 8) 

Claim 8 is concerning the manufacturing method in claim 7 where the dispersion 
stabilizer is at least a nonionic surfactant and/or polyethylene glycol. 

(Claim 9) 

Claim 9 is concerning the manufacturing method in claim 7 where the dispersion 
stabilizer consists of inorganic particles. 

(Claim 10) 

Claim 10 . is concerning a manufacturing method for an immobilized biocatalyst 
which has the following characteristic. That is, polymerization is done by adding alginic 
aqid or its salt to the mixed solution (1) in claim 1 as an immobilizing assisting agent, 

Detailed explanation of the invention 
[0.001] 

(Technical field that this invention belongs to) 

This invention is concerning an immobilized biocatalyst and also a manufacturing 
method, for the same. It offers a new immobilized biocatalyst where cells and enzyme 
can be immobilized effectively in a water absorbing cross-linking polymer carrier and 
can be stored for a long period of time. This invention also includes a manufacturing 
method for the same. 

[0002] 
(Prior ait) 

Cell of an organism and enzyme are widely used in many fields such as 
manufacturing of various useful substances, analysis, water treatment, etc. Especially, 
unmobilized cells or immobilized enzymes where cells and/or enzyme are immobilized 
in various insoluble carriers are suitable for improving reaction efficiency or simplifying 
separation and refining processes or simplification of re-using cells and/or enzyme, In 
this invention, the immobilized cells, immobilized enzymes, etc., are called immobilized 
biocatalysts. 

[0003] Accordingly, if the immobilized biocatalyst can be stored dry for long periods of 
time at room temperature and can be reactivated by adding water, it is possible to store 
for long period of time or to transfer the immobilized biocatalyst in a light wei ght, 
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compact condition at low cost. In addition, since it is dry, fewer problems with 
contamination in storage are expected. 

[0004] In the past, the immobilized biocatalyst had to be refrigerated in a buffer of 
isotonic sodium chloride solution. Although microorganisms or enzymes which can 
remain active when dried do exist, there are no known immobilized biocatalysts which 
can be dried for storage and used by immersing in water after the dry storage. 
[0005] That is, the gel-like immobilized biocatalyst in die past should not be 
reconstituted by adding water. In addition, even if the inorganic carrier is dried, tiiere 
will be no change in size of the carrier itself, its volume will not change. Furthermore, 
since the inorganic carrier has considerable Weight, there is not enough advantage to 
drying it. 

[0006] 

(Problem that this invention tries to sol ve) 

Current reports of die use of water absorbing resin for immobilized biocatalyst are 
different from the intention of inventors of this invention. However, there are several Of 
these reports. However, all of these are methods use water absorbing resin and to 
immobilize the microorganisms. Therefore, they are basically different from the method 
suggested by the inventors of this invention in that polymerization is done after mixing a 
monomer which can form a water-absorbing polymer selected from acrylic acid, 
methacrylie acid, and their salts to immobilize cells and/or enzyme biocatalyst. 
[0007] That is, with previous methods which immobilize the biocatalyst in a water 
absorbing resin, the bacillus does not enter die gel, and it is immobilized only on the 
surface. A bacillus which is immobilized in this way is freed easily by changes in the 
solvent concentration (cultivation or reaction solution). Meanwhile, the preparation 
method for immobilized catalyst suggested by the inventors of this invention, since Cells 
and/or enzyme can be uniformly kept inside die gel, die number of cells and/Or enzymes 
per unit carrier will be increased. Accordingly, for reactions which .use an immobilized 
catalyst, this invention will result in a far superior reaction speed. 
[0008] Immobilized biocatalysts which use polyacryl amide as the carrier are widely 
known. These show some water absorbency. However, in order to acquire the polyacryl 
amide gel, since acryl amide monomer is very toxic, there kinds of cells and enzymes 
which can be used are considerably limited. Meanwhile, the acrylic acid and methacrylie 
acid and their salts in tins invention are not very toxic to cells organism and enzymes 
compared to acryl amide. Accordingly, a much wider variety of cells and enzymes can 
be used. In addition, immobilizing methods which use conventional water absorbing 
resin, there is no discussion of suitable storage methods for the immobilized substance. 
Therefore, the concept of dry- storage advocated hereby inventors of this invention is a 
new idea. 

[0009] 

(Steps for solution) 

The inventors of diis invention made flirough research concerning preparation and 
use of an immobilized biocatalyst which is light and can be stored compactly. As a 
result, the followings findings were made. First, a monomer which is selected from 
acrylic acid and methacrylie acid and their salts with cells and/or enzymes is mixed with. 
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Polymerization is given, and a water-absorbing immobilized biocatalyst is acquired, This 
can be dehydrated easily, so dry storage is possible. After storage, it can be rehydrated 
and reactivated and used in various kinds of biochemical reactions such as substance 
exchange, drainage processing, etc. This invention was completed based on these 
findings. 

[0010] In the following, this invention is going to be explained in detail. In the following 
explanations, the monomer which consists of at least of acrylic acid and methacrylic acid 
and their salts is expressed as monomer (A). A solution of monomer (A) and cells and/or 
enzymes in water is expressed as mixed solution (1). 

[001 1] The 1 st example of tins invention is a water-absorbent immobilized biocatalyst 
acquired by polymerizing at least one kind of monomer (A) which consists of acrylic acid 
and methacrylic acid and their salts and a mixed solution (1) which consists of cells 
and/or enzymes and water. A dried immobilized biocatalyst is acquired by drying the 
immobilized biocatalyst so in a manner suitable for long periods of storage. 
[0012] The 2 nd example of this invention in an effective preparation method for the 
unmobilized biocatalyst. The above mixed solution (1) is polymerized by suspending 
and dispersing it in a solvent which is either nearly insoluble or insoluble in water to 
produce a spherical immobilized biocatalyst. In this method, the weight ratio of the 
mixed solution (1) is adjusted in the range of 1 :0.9 to 1 : 1 . 1 and a dispersion stabilizer is 
added to the solvent 

[0013] Also, the 3 rd example of this invention is another preparation method for 
immobilized biocatalyst which is different from the 2 nd example above. It is a 
preparation method for immobilized biocatalyst which adds alginic acid or its salts to the 
mixed solution (1) above as an immobilizing assistance agent and polymerizes it. At 
least one kind of monomer (A) which consists of acrylic acid and methacrylic acid and 
their salts means either one or both of acrylic acid or methacrylic acid monomers or their 
salts. Salts of acrylic acid or methacrylic acid means acrylic acid or methacrylic acid 
bonded to cations such as sodium, potassium,. Of ammonium ioiis, etc. 
[0014] These acids and salts can be used either alone or together. The amount of 
monomer (A) in mixed solution (1 ) can be chosen freely it is normally in the range of 1 0 
to 50 wt %. However, as the amount of monomer is increased, the heat required for the 
polymerization reaction is also increased. Therefore, 10 to 40 wt. % range is preferred 
since its influence on the activity of the cells and/or enzymes gets bigger. For instance, 
when a large number of cells or enzymes are immobilized, tire concentration, should be 
high. On the other hand, if the number of cells and/or enzymes to be immobilized is 
small, the amount should be low. Therefore, the concentration is adjusted in accordance 
with the application, 

[0015] The mixed solution (1) may contain, together with monomer (A), at least one or 
more monomers selected from olefin based unsaturated carbonic acid which is different 
from monomer (A) which can form a copolymer with monomer (A), its salts, and amide 
compounds. This method is used when it is necessary to change the nature of the carrier 
of the immobilized biocatalyst. Olefin based unsaturated carbonic acid other than the 
monomer (A) arid its salts and amide means an acid other than monomer (A) which has a 
double bond and a carboxyl group in the molecule, and its salts and amide compounds. 
Suitable acids other than monomer (A) include olefin based unsaturated moiiocarbonate 
and olefin based unsaturated polycarbonate. Examples of the olefin based unsaturated 
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monocarbonate include, for example, crotonic acid, isocrotoaie acid, angelic acid, tiglic 
acid, senecio acid, or a mixture of these. 

[0016] Suitable olefin based unsaturated polycarbonates include, for example, maieic 
acid, fumaric acid, itaconic acid, aconitic acid, teraconic acid, citraconic acid, mesaconic 
acid, glutaconic acid, or mixtures of these. Maieic acid, fumaric acid, and itaconic acid 
are preferable. In addition, salts of olefin based unsaturated carbonates other than the 
monomer (A) means these olefin based unsaturated -carbonate ions bonded to cations such 
as sodium, potassium, or ammonium ions. 

[0017] Suitable amide compounds of olefin based unsaturated carbonates include, for 
example; acryl amide, methacryl amide, etc. Acids, salts, and amide compounds of these 
can be used either alone or together. There is no specific restriction on the amount of the 
coexisting monomer as long as the amount of monomer (A) is in the range of 10 to 50 wt. 
% of mixed solution (1). However, since these coexisting monomers include ones that 
are strongly toxic to the cells and/Or enzymes such as acryl amide, the coexisting 
monomers should be added in the range which will not influence the activity of the cells 
and/or enzymes. 

[001 8] Furthermore, the pH of mixed solution (1) should be adjusted in the range where 
the activity of cells or enzymes to be immobilized will not be lost. The pH can be 
adjusted toward the acid side Using an inorganic acid such as sulfuric acid, hydrochloric 
acid, nitric acid, or an organic acid such as acetic acid, formic acid, propionic acid, olefin 
based unsaturated carbonic acid, etc. When it is adjusted to the alkali side, you can us? 
sodium hydroxide, potassium hydroxide, ammonium, etc. 

[0019] Any kind of cells and/or enzymes can be used in this invention as long as they can 
be immobilized b)' the methods in this invention. The cells are selected from animal 
cells, vegetable cells, or microorganisms. Animal cells include, for example, cells from 
normal animal tissues, for example, W138 cells originated from human embryos, Flow 
2000 cells, human liver cells, human kidney cells, or cells from cancerous tissues of 
animals, for example, Hela cells from human Uterine cervical cancer, MCF-7 cells from 
human breast cancer, HC 84C cells from human colon cancer, mouse melanoma M2R 
cells, etc. 

[0020] Also, there are B cells hybridoma which produces specific antibodies by uniting B 
cells and bone marrow cells, T ceils hybridoma which produces iimphokines by uniting T 
cells and bone marrow cells, etc. Suitable vegetable cells include, for example, callus 
cultivation cells that have been de-specialized such as CatharanthUsroseus, Coptis 
japonica, Panax ginseng, Platycodon grandiflorum, hairy root, shoot tissues that have 
been re-specialized, root tissues, etc. 

[0021] Suitable cells of microorganisms include eumycetes such as aspergillus genus, 
Mucor genus, Rhizopus genus, Penicilliunl genus, Saccharomyces genus, Candida genus, 
Schizosaccharomyces genus; bacterium such as Escherichia genus, Acetobacter genus, 
Pseudomonas genus, Arthrobacter genus, MethylococcUs genus, bacillus genus, 
Mycobacterium genus, Nocardia genus, etc. 

[0022] Suitable enzymes include processed substances acquired from processing tissues 
and/or animal ceilSj, vegetable, microorganisms, cultivation liquid which is acquired from 
cultivating partially refined coarse enzymes, refined enzymes, its tissues and/or cells, etc. 
Examples of these include glucose oxydase, cellulase, protease, aspartase, lipase, 
peroxidase, etc. 
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[0023] When the above cells and/or enzymes are immobilized, the amount of cells and/or 
enzymes should not exceed 6 wt. % dry weight of in mixed solution (1). 
[0024] When the amount of cells and/or enzymes is small, there will.be no problems with 
immobilization. However, if the amount exceeds 6 wt %, the number of cells and/or 
enzyme which cannot be immobilized is increased, and immobilizing efficiency may 
drop. In preparing mixed solution (1), the order in which the monomer (A) and cells 
and/or enzyme are added is not specifically restricted. For instance, the cells and/or 
enzymes can be mixed into a solution of monomer (A), monomer (A) can be mixed into a 
solution of cells and/or enzymes, or a solution of monomer (A) and a solution of cells 
and/or enzyme, etc. may be mixed. Any of these methods can be used to produce mixed 
solution (1 ). In order to acquire a water-absorbent hnmobilized biocatalyst by 
polymerizing a mixed solution (1), it is preferred to add a cross-linking agent, 
polymerization initiator, and/or polymerization promoting agent to die mixed solution 
(1). 

[0025] As the above cross-linking agent, for example, there are ethylene glycol, 
diethylene glycol, triethylene glycol, propylene glycol, 1,4-butarte diol, 1,5-pentane diol, 
1,6-hexane fiol, neopentyl glycol, trimethylol propane, diacrylate or dimethacrylate of 
penta erythritol, and triacrylate or trimethacrylate of penta erythritol, terra acrylate or 
tetra methacrylate of penta erythritol, or N, N-methylene bis acryl amide, N, N-methylene 
bis methacryl amide, triallyl isocyanurate, etc. Among these, one or more kinds can be. 
used. 

[0026] As the polymerization initiator, for example, there are water soluble radical 
polymerization agents such as potassium persulfate, ammonium persulfate, sodium 
persulfate, etc. One or more of these can be used. It can be used with a redox based 
initiator which uses these and sulfite, L-ascorbic acid together. Although the addition of 
a polymerization promoting agent is not necessary, its use is preferred for smoother 
immobilization. This polymerization promoting agent may be, for example, N, N, N', 
N', - tetramethyl ethylene diamine, ethylene diamine, etc. 

[0027] In the following, suitable reaction conditions for each example of this invention 
are going to be explained in detail. First, the amount of cross-linking agent in this 
invention should be adjusted to the mol number of the monomer. If die amount of cross- 
linking agent is increased, the immobilized object becomes hard, and its water absorbing 
strength becomes low. On the other hand, if the ratio is low, the immobilized object is 
soft, and water absorbing strength becomes high. Accordingly, it is desired to adjust the 
amount of cross-linking agent in accordance with each application and the desired 
condition of the immobilized biocatalyst. 

[0028] Usually, a cross-linking agent is added to the mixed solution (1) in 0.001 to 50 
mol % ratio per mol number of monomer (A). If the amount of cross-linking agent is less 
than 0.001 mol %, the immobilized biocatalyst acquired is soft and it tacky. Therefore, 
the immobilized biocatalysts will stick to each other, making them hard to: use. On the 
other hand, if the amount exceeds 50 mol %, water absorbency of the immobilized 
biocatalyst will drop considerably. 

[0029] Next, the composition of the polymerization promoting agent and polymerization 
initiator and their process conditions are going to be explained. Both the polymerization 
promoting agent and polymerization initiator can be polymerized after they are dissolved 
in the mixed solution (1). However, as will be explained later, they can be added after 
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they are suspended in solvent which is either nearly insoluble or insoluble in water using 
a mold for acquiring the immobilized substance.. 

[0030] The polymerization promoting agent can be added into mixed solution (1) in the 
range of 0.2 to 10 mol % per mol number of monomer (A). In any case, if the amount of 
polymerization promoting agent in less than 0.2 mol %, its effect is negligible. On the 
other hand, if it exceeds 10 mol %, its influence on the cells is too strong. 
[0031] The appropriate amount of polymerization initiator is in the range of 0.005 to 1.0 
mol % per mol number of monomer (A) in mixed solution (1). In any case, if it is less 
than 0.005 mol %, the polymerization reaction requires a long time. On the other hand, if 
it is more than 1.0 mol %, it will produce immobilized biocatalyst with low water 
absorbing feature. This is true in the case where mixed solution (1) flows into a mold for 
polymerization or when it is suspended in a solvent for polymerization. 
[0032] Next, the polymerization reaction conditions are going to be explained. In order 
to perform polymerization smoothly, dissolved oxygen should be removed from the 
mixed solution (1) and also from the solvent which will be discussed layer as much as 
possible. Nitrogen gas is an. effective method for excluding oxygen. Since heating from 
the polymerization reaction influences cell and/or enzyme activity, the process 
temperature should be as low as possible. However, if the cells and/of enzymes are very 
stable to heat, this is not necessary. Accordingly, the temperature at polymerization 
initiation should be. in the range of 0 to 30°C. Furthermore, a range from 0 to 25°C is 
even more preferred. 

[0033] Start and finish of polymerization can be determined by monitoring the 
temperature of the mixed solution (1) after adding the polymerization promoting agent 
and polymerization initiating agent. The temperature inside the. suspension 
polymerization device can also be monitored. When polymerization starts, the 
temperature starts to go up. As time passes, the temperature rise stops, and the 
temperature starts to drop. The point where it starts to drop is determined io indicate the 
completion of polymerization. Therefore, the polymerization start temperature is 
controlled and heat is removed so that the peak temperature will not damage the activity 
of the cells and/or enzymes. Using this operation, it is possible to prepare an 
immobilized biocatalyst. 

[0034] The immobilized biocatalyst acquired above can be used for biochemical 
reactions as it is. However, when the unreacted component has to be removed, it is 
possible to wash it with an appropriate buffer such as isotonic sodium chloride solution, 
water, etc., which will not influence the activity of the cells and/or enzymes. Meanwhile, 
when the immobilized biocatalyst is going to be stored, moisture is removed by 
conventional methods. For example, various methods such as reduced pressure drying, 
hot air drying, drying by desiccant, freeze drying, etc., can be used. When drying is 
complete, the volume and weight of the immobilized biocatalyst are greatly reduced. If it 
is: collected and stored it in a dry environment at room temperature or low temperature, it 
can be stored for long periods of time with limited space. 

[0035] The immobilized biocatalyst acquired from this invention can be prepared in 
various shapes or sizes in accordance with each application. It is possible to prepare the 
immobilized biocatalyst by molding polymerization methods. Various sizes of spherical 
immobilized biocatalyst: can be prepared by suspension polymerization, and various sizes 
of spherical immobilized biocatalyst can be prepared by dropping polymerization. 
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[0036] First, preparation of immobilized biocatalyst by molding polymerization is going 
to be explained. The mixed solution (1) prepared by the above method is put into a 
desired molding container. Next, a polymerization promoting agent and polymerization 
initiator are added in order^ and polymerization is started. In additions polymerization 
can be done by premixing the above solution (1) and polymerization promoting agent and 
polymerization initiator. 

[0037] Since the immobiiized biocatalyst acquired above takes the shape of the mold, it 
can be smashed or cut to reduce its size. The immobiiized biocatalyst acquired by this 
method can be used for a biochemical reaction as it is. Meanwhile, it can be dried for 
storage by the above drying methods. It can also be dried after it is washed once. The 
immobilized biocatalyst which has been dried can he stored for a long period of time in a 
dry environment. 

[003 8] Next, preparation of immobilized biocatalyst in spherical shape by suspension 
polymerization is going to be discussed. The immobilized biocatalyst can be 
polymerized in spherical shape by dispersion and suspension of mixed solution (1) in a 
solvent which is either insoluble or nearly insoluble in water with relative weight close to 
the mixed solution (1), by dispersion and suspension of mixed solution (1) in a solvent 
which is either insoluble or nearly insoluble in water which includes a with a dispersion 
stabilizer instead of adjusting the relative weight of the solvent. 

[0039] First, a polymerization method which disperses and suspends mixed solution (I) 
in a solvent which is either .insoluble or nearly insoluble in water which also has a relative 
Weight close to the relative weight of mixed solution (1) is going to be explained. When 
mixed solution (1) is suspended in the solvent, mixed solution (1) will be dispersed in the 
solvent as spherical liquid drops. 

[0040] The solvent used in this invention may be, for example, hydrogen carbide based 
Organic solvents such as decane, octane, heptane, hexane, cyclohexane, cyclopentane, 
methyl eyclopentarie, methyl cyclohexane, pentane, ligroin; face acid based organic 
solvents such as oleic acid, linoleic acid, linolenic acid; aromatic group based organic 
solvents such as benzene, toluene; halogen based organic solvents such as carbon 
tetrachloride, chloroform, Freon, etc. It is possible to use one or more of these. A low 
boiling point solvent is more preferable considering removal of the solvent after 
polymerization. 

[0041] Next, a polymerization method winch relies on similar relative weights of the 
mixed solution (1) and that of the solvent is going to be explained. In order to stabilize 
the liquid drops dispersed in the mixed solution (1) in solvent, the relative weight of the 
solvent should be similar to the relative weight of the mixed solution (1). This can be 
accomplished by mixing multiple solvents. 

[0042] That is, the relative weight of the solvent is adjusted so that ratio of relative 
weight of the solvent and relative weight of mixed solution (1) will be in the range of 
1 :0.9 to 1:1.1. If the difference in relative weight becomes high, the mixed solution (1) 
and solvent will be separated into layers^ and the dispersion will be very unstable. This 
will make it hard to acquire an immobilized biocatalyst with uniform particle diameter. 
However, if the relative weight is adjusted, a stable dispersion system can be acquired 
and it is possible to produce an immobilized biocatalyst with an almost uniform particle, 
diameter. The particle diameter is adjusted by stirring the suspension system. 
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Accordingly, the stirring speed and/or stirring method of the suspension system is 
adjusted in accordance with each application. 

[0043] When a polymerization initiator and polymerization promoting agent are added to 
the suspension system acquired by the method above, polymerization is started. Of 
course, similar polymerization is possible when polymerization initiator and 
polymerization promoting agent are added to the mixed solution (1) and then suspended 
in solvent. The ratio of mixed solution (1) to solvent should normally be m the range of 
1 0 to 50 volume %. More preferably, it is 30 to 50 volume %. If it is out of this range, 
dispersion becomes insufficient. This is not preferred since the immobilized bioeatalyst 
in spherical shape is hard to acquire or production rates drop, etc. 
[0044] As stated above, the progress of polymerization can be monitored by monitoring 
the temperature of the suspension system. The immobilized bioeatalyst acquired by this 
method is collected using a mesh and/or sieve. When the immobilized bioeatalyst is used 
as it is, the unnecessary solvent should be removed by washing. Next, a polymerization 
method which disperses and suspends the mixed solution (1) in. solvent with a dispersion 
stabilizer instead of adjusting the relative weight of the solvent is going to be explained. 
[0045] The suspension polymerization method above adjusts tire relative Weight, of the 
solvent to match that of the mixed solution (1). However, if a dispersion stabilizer is 
added to the solvent, it is possible to adjust the immobilized bioeatalyst in spherical shape 
without adjusting the relative weight of the solvent. The same solvents car; be used in 
this method. The dispersion stabilizer used in this method is a substance which assists 
dispersion so that liquid drops of mixed solution (1) are stable. For example, there are 
nonionic surfactants, polyethylene glycol, and inorganic particles. 
[0046] Suitable nonionic surfactants include, for example, polyoxyethylene alkyl ether, 
polyoxyethylcne alkyl phenol ether, sorb i lane fatty acid ester, polyoxyethylene sorbitane 
fatty acid ester, polyoxyethylene acryl ester, polyoxyethylene oxypropyletie block 
copolymer, sucrose fatty acid ester, etc. Polyethylene glycol can have a wide range Of 
molecular weights, but one in the range of 400 to 1,000,000 is preferred. 
[0047] It is possible to use one more of these nonionic surfactants and polyethylene 
glycol. Although the amount of nonionic surfactant and/or polyethylene glycol differs 
depending on the type used, it should be 0.01 to 20 wt. % per mixed solution (1). The 
nonionic surfactant and/or polyethylene glycol should be added to the solvent. 
[0048] Suitable inorganic particles include, for instance, silica, alumina, titanium dioxide, 
barium titanate, magnesium titanate, calcium titanate, strontium titanate, zinc oxide, etc. 
Among these, silica particles such as AEROSIL R-972, 974, 502, 805, 81.2 
(manufactured by "Nippon Aerozil) are favorable. In addition, one with a hydrophobic 
surface is even more preferred. 

[0049] The amount of inorganic particles depends on the amount of mixed solution (1), 
the diameter of the dispersed liquid drops, and the amount of solvent. The inorganic 
particles should be added to the solvent before the polymerization operation, Once the 
inorganic particles are added to the reaction system, it is not usually necessary to add 
more. As one example, the amount of hydrophobic silica particles when 60 ml of mixed 
solutionis polymerized in 200 ml of solvent is in the range of 0.05 to 1 % per the solvent. 
[0050] After tins, the operation is the same as the above suspension polymerization 
method. In the next method, the immobilized bioeatalyst is prepared by adding alginic 
acid or its salts to the mixed solution (1) as an immobilizing assistance agent and 
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administering polymerization by dropping it into a polyhydrie metal salt solution. This 
preparation method adds alginic acid or its salts to the mixed solution (1). The 
composition of mixed solution (1) is same as the above composition. The amount of 
alginic acid or its salts can be in the range of 0.01 to 10 wt. % concentration in the mixed 
solution (1). 

[0051] When the mixed solution (1) and alginic acid or its salts are mixed, it is dropped 
down to a solution which contains a polyhydrie metal salt. The polyhydrie metal salt 
used, here may be, for example, one which contains calcium ions, magnesium ions, 
strontium ions, barium ions, copper ions, iron ions, aluminum ions, etc., as polyhydrie 
metal ions. More specific examples include calcium chloride, magnesium chloride, 
calcium acetate, magnesium acetate, strontium chloride, copper chloride, magnesium 
citrate, iron chloride, aluminum chloride, etc. The polyhydrie metal salt should make Up 
1 to 5 wt. % of the solution. 

[0052] At this point, the polymerization promoting agent and polymerization initiator can 
be dropped later after mixing the mixed solution (1) which contains alginic acid or alginic 
acid salt. In addition, it can be added to the polyhydrie metal salt solution beforehand. 
When the mixed solution (1) Winch contains alginic acid or alginic acid salt is dropped 
down to the polyhydrie metal salt solution, a gel reaction happens instantly. This is a 
well-known phenomenon that is due to cross-linking of the alginic acid by the polyhydrie 
metal salt. 

[0053] At this point, since polymerization of polymer (A) has not started yet, it. is left 
while stirring gently for 1 5 minutes to 1 hour. By this operation, polymerization of 
monomer (A) is completed, and a flexible and solid immobilized biocatalyst is prepared. 
The immobilized biocatalyst which has been prepared in this way will shoe no collapsing 
of gel even in a phosphoric acid solution which usually easily dissolves alginic acid gel, 
and it can be stored stably. 

[0054] Accordingly, the new immobilized cells and enzyme (immobilized biocatalyst) in 
tins invention can be manufactured easily and quickly, and it can be easily stored for a 
long period of time. In the following, this invention is going to be explained in more 
detail using examples of practice. However, these examples of practice are for indicating 
the specific effects of this invention, and they do not limit the contents of this invention. 

[0055] 

Example of practice 1 

30.49 g of 37 % sodium acrylate solution and 2.88 g of acrylic acid, 0.4 g of N, 
N-methylene bis acryl amide as cross-linking agent, and 13 .83 g of water were mixed, 
and this solution and. dimethyl formamide bacillus (Arthrobacter bacillus) were 
suspended and mixed, and a mixed solution was prepared. To this, 0.95 g of ammonium 
persulfate and 1 g of N, N, N', N'-tetrametliyl ethylene diamine were added. as 
polymerization promoting agents, and this prepared solution was poured into a square 
laboratory dish, and polymerization was started. 

[0056] After it was reacted for 1.5 minutes, the polymer was removed from the square 
laboratory dish, and it was washed. Next, it was cut into 35 mm squares using a surgical 
knife. Next, it was transferred to a desiccators and dried overnight at room temperature 
under reduced pressure. By drying, the volume of the polymer was reduced down to 
approximately 1/20. Next, this was put into a sealed container and stored for 3 months at 
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room temperature. After that, part of the immobilized cells were used to inoculate a 
cultivation field containing dimethyl formamide. 



[0057] 
Table 1 



Components 


Concentration (/L) 


Dimethyl fonnamide 


30 g 


Sodium sulfate 


1.0 g 


Ammonium sulfate 


U 


Potassium dihydrogen phosphate 


2.5 g 


Dipotassium hydrogen phosphate 


2.5 g 


Magnesium sulfate 


0.2 g 


Sodium chloride 


0,5 g 


Corn steve liquor 


1 g 


Tap. water 


950 g 


pH 


7.0 g 



[0058] As a result, the dried immobilized cells absorbed the cultivation field, and its 
volume swelled to approximately 30 times. When it was cultivated for 3 days, 50 % of 
the dimethyl formamide was decomposed. When the immobilized cells were separated 
from the cultivation liquid and was used to inoculate a new cultivation field,, 
decomposing speed was increased hy approximately 1 .5 times. In order to check the 
toxicity of the acrylic acid to the microorganism, the bacillus root was suspended in an 
acrylic acid salt solution for a certain time, and its growth after contacting acrylic acid 
was observed. Growth was measured by -the amount.of light absorbed at 660 nm. If the 
light absorbing degree increased compared to the starting-point, this means that the 
number of bacilli increased. As shown in. table 2, the bacilli increased after contacting 
the sodium acrylate. From these results, it was understood that the toxicity of acrylic acid 
to the bacillus was low. 

[0059] 

(Example of comparison 1) 

7.5 g of acryl amide, 0.4 g of N, N-methylene bis acryl amide as cross-linking 
agent, and 50 g of water were mixed, and this solution and dimethyl formamide bacillus 
(Arthrobacter bacillus) were suspended and mixed, and a mixed solution was prepared. 
To this, 0.95 g Of ammonium persulfate and 1 g of N, N, N', N'-tetramethyl ethylene 
diamine as polymerization promoting agents were added, and this prepared solution was 
poured into a square laboratory dish, and polymerization was started, 
[0060] After it was reacted for 15 minutes, the polymer was removed from the square 
laboratory dish, and it was washed. Next, it was cut into 3 5 mm squares using a surgical 
knife. After that, part of the immobilized cells were used to inoculate a culti vation field 
containing dimethyl formamide, and cultivation was performed. As a result of cultivation 
for 5 days, decomposition of dimethyl formamide was not confirmed, 
[0061] In order to check the toxicity of aeryl amide to the microorganism, the bacillus 
root was suspended in acryl amide for a certain time by a method similar to the above 
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example, of practice, and growth, after contact with acryl amide was observed. As shown 
in table 2, when contact was made with acryl amide, since no increase in; light absorption 
after cultivation was confirmed, it was regarded that the bacillus did not grow. From 
these results, it was understood that the toxicity of acryl amide to bacillus was high. 
[0062] 

Table 2 , 



Processing condition 


Breeding (light absorbing 
degree of 660 nm) 






Ohr 


13 hr 


Contrast 


4.90 


8.10 


15% acryl amide 






9 min. treatment 


4.46 


4.45 


13 min. treatment 


4.32 


4.35 


22 min. treatment 


4.33 


4.30 


15 % acrylic acid - sodium 
acrylate 






9 min. treatment 


4.56 


7.45 


13 min. treatment 


4.42 


7.15 


22 min. treatment 


4.22 


6.91 



[0063] 

(Example of practice 2) 

30 mol of a neutralized solution containing. 40 wt. % of methacrylic acid was 
adjusted with sodium hydroxide so that its pH was 7, 0.0246 g of N, N, N\ N'-methylene 
bis acryl amide as cross-linking agent, and 10 g of water were mixed. This solution and 
yeast separated from earth were suspended and mixed, and a mixed solution was 
prepared. 

f0064] Meanwhile, in a separable 300 ml flask; with an attached stirring machine, 200 ml 
of mixed solvent of cyclohexane and carbon tetrachloride with its relative weight 
adjusted to 1 was put in, and the temperature was set at 10°C, Next, it was permeated by 
nitrogen gas for approximately 15 minutes to remove the remaining oxygen. Next, the 
mixed solution was added, it was stirred at 600 rpm, and it was dispersed as liquid drops. 
When it was dispersed uniformly, 0. 95 g of an ammonium persulfate polymerization 
initiator and 1 g of tetramethyl ethylene diamine polymerization promoter were added to 
the suspension, and polymerization was performed. 

[0065] After reacting it for 15 minutes, the reaction was complete. The contents of the 
separable flask were put into a filter with Q r 5 mm mesh, and the immobilized cells were 
collected. These were transferred to a desiccators, and it was dried under reduced 
pressure. After drying was complete, the immobilized cells were collected, and they 
were stored dry for 3 months. After 3 months, part of the immobilized cells were used to 
inoculate a Difco yeast nitrogen based medium with 1 % glucose added, and a 1 day 
cultivation was done. As a result, all the glucose in the cultivation field was consumed. 

[0066] 

(Example of practice 3) 
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Except that cyclohexane with 0.78 relative weight was used alone as the solvent, 
the same method as example of practice 2 was followed, and preparation of immobilized 
cells was tried. As a result, the mixed solution which contained cells was not dispersed in 
the upper layer of the separable flask. When this was polymerized, immobilized cells in 
spherical shape were not acquired. Instead, an une ven aggregate of immobilized cells in 
spherical shape with. 1 0 mm or more diameter was acquired. These immobilized cells 
were cut into approximately 5 mm squares using a surgical knife. When they were 
cultivated the same as example of practice 2, decomposition of glucose was seen. 

[0067] 

(Example of practice 4) 

Except that carbon tetrachloride with 1 .63 relative weight was used alone as the 
solvent, the same method as example of practice 2 was followed, and preparation of 
immobilized cells was tried. As a result, a mixed solution which contained cells was 
distributed in the upper layer of the separable flask, but it was hardly dispersed in the 
lower layer. When this was polymerized, the upper layer was uniformly turned to gel, 
and it all stuck together. The hnmobilized cells acquired in this condition were cut into 
approximately 5 mm squares using a surgical knife.. When the cells were cultivated the 
same as example of practice 3, decomposition of glucose was seen. 

[0068] 

(Example of practice 5) 

50 ml of 20 % acrylic acid solution had its pH adjusted to 7 using sodium 
hydroxide. 0.4 g of methylene bis acryl amide as cross-linking agent and 10 ml of spore 
suspension solution of Aspergillus terreus IFO 6123 were added, and a mixed solution 
was prepared. 

[0069] Meanwhile, 200 ml cyclohexane was put in a separable 300 ml flask with an 
attached stirring machine, and the temperature was. set at 1 0°C. Next, it was permeated 
by nitrogen gas for approximately 1 5 minutes to remove the remaining oxygen. Next, 
four drops of Span 80 (sorbitane mono oleate) surfactant were added, the above mixed 
solution was added, it was stirred at 600 rpm, and it was dispersed as liquid drops. When 
it was dispersed uniformly, 1 g of an ammonium persulfate polymerization initiator and 1 
g of N, N, N',N'-tetramethyl ethylene diamine polymerization promoter were added to 
the suspension, and polymerization was started. 

[0070] After reacting for 15 minutes, the reaction was complete. The contents of the 
separable flask were put into a stainless steel filter wi th 0.5 mm mesh, and the 
immobilized cells were collected. The immobilized cells acquired here were spherical 
with a diameter of around 1 mm. Next, part of these were washed, and they were used to 
inoculate the cultivation field shown in table 3, After cultivation for 3 days, the 
cultivation field was analyzed, and 4.8 g/L of itaconic acid were generated. 

[0071] 

(Example of practice 6) 

50 ml of 20 % acrylic acid solution was adjusted to pH 7 using sodium hydroxide, 
and a solution of 10 g of acryl amide, 0.4 g of methylene bis acryl amide as cross-linking 
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agent and 10 ml of a spore suspension solution of Aspergillus terreus IFO 6123 were 
mixed, and a mixed solution was prepared. 

[0072] Meanwhile, in a 300 ml separable flask with an attached stirring machine, 200 ml 
of eyclohexane with 0.3 g of super fine particle silica (AEROSIL R-972; manufactured 
by Nippon Aerozil) was put in, and the temperature was set to 1 0°C. Next, it was 
permeated by nitrogen for approximately 15 minutes to remove the remaining oxygen. 
Next, the mixed solution was added, it was stirred at 600 rpm, and it was dispersed as 
liquid drops. When it was dispersed uniformly, 1 g of an ammonium persulfate 
polymerization initiator and 1 g of N, N, N',N ? -tetrametliyl ethylene diamine 
polymerization promoter were added to the suspension, and polymerization was started. 
[0073] After reacting for 15 minutes, the reaction was complete.. The contents of the 
separable flask were put into a stainless steel filter with 0,5 mm mesh, and the 
immobilized cells were collected. These were transferred to desiccators, and they were 
dried under reduced pressure. After drying for one night, they were put into sealed 
containers and stored for 1 month at room temperature. Next, part of immobilized cells 
which had been dried, were used to inoculate the cultivation field shown in table 3. After 
cultivation for 3 days, virus hyphae were growing inside and on the surface of the 
immobilized carrier. When the cultivation field was analyzed, 5.03 g/L of itacOnic acid 
were generated. 



[0074] 
Table 3 



Components 


Concentration (/L) 


Dimethyl formamide 


30 g 


Sodium sulfate 


5g 


Ammonium sulfate 


lg 


Potassium dihydrogen phosphate 


1 g 


Dipotassium hydrogen phosphate 


3g 


Magnesium sulfate 


0.8 s 


Cora steve liquor 


2g 


Vitamin Bl hydrochloride 


100 ug 



[0075] 

(Example of practice 7) 

50 ml of 30 % sodium acrylate solution was pH adjusted to 5.7 was mixed with 
0.5 g of a methylene bis acryl amide cross-linking agent to make a solution. To this 
solution, 10 ml of distilled water containing 500 U of glucose oxidaze (originated from 
Aspergillus niger) were mixed, and a mixed solution was prepared. In addition, 0.5 g of 
sodium alginate was added to this solution, and they were mixed well, 
[0076] Meanwhile, a solution was prepared in a 1 liter beaker by adding 5 g of 
ammonium persulfate and 1 g of N, N, N'N'-tetramethyl ethylene diamine as 
polymerization promoter to 500 ml of 0.2 M calcium chloride solution. The above 
solution was mixed with alginic acid. Using a peristaltic pump, it was dropped down to 
the solution in the beaker from the top end of a hypodermic needle. After dropping was 
complete, it was left for 30 minutes, and an iimrrobilized enzyme was prepared. 
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[0077] After immobilization was complete, the contents of the beaker were put into a 
stainless steel filter with 0.5 mm mesh openings, -and the immobilized, celts were 
collected. Next, part of the immobilized enzyme was used to inoculate a phosphoric acid 
buffer (pH 5.7) which contained 10 % glucose, and enzyme activity was measured. As a 
result, although the calcium alginate gel was easily destroyed under these conditions, the 
immobilized enzyme was stable. Activity was approximately 60 % compared to the case 
where immobilization was not done. 



Publicized Report of Patent 



iWBmmff (j p) da ^l^ifif (a) twmtm&mm 

rnVMSB ¥fiE8^(1996)l/i9B 



(5i)inta' mtm ftnw&m 

C12N 11/04 

11/08 C 


FI 

«« 


*Sj8 S*B©»10 OL G£10K) 


(21)fHB!#ft (S8PF6- 141571 












(22)tfiBiH ¥*6¥(1994) 6J523R 
















3e*s»-3<ri*«^iTBs#i2 «gt 










(72)5gt»£ 


R1F 






Bffl&K «HJtS#& 1 TB25#12 










(74)ftSA 




(54) Bswossa m&&mm 

(57) 

[«3 TrviitimstfTfVfrmmsizztLt, 



sfrs^fc^-c^. mizf&L?*m#. mum® 
%mat s £ fc t i o , mm<QM2m%j®zmth 



1 



imm.21 mrnitsmms^vamtmi 

imm i mm i fc^os^ua < i > tfaag 
aq^-a-tr twc* i xi± 2 

HK&H4] H^l&£tt®*ftfMA)oil&¥ 

a 5 , sam ( i ) fc»L-c i o~5 oaa%coKHT 
fts^k*«at-rs, «wii~3wv«i4.ijafc 

[10&S5] IS*«ifcS«<oS^g?S(i) 

mimO;®® ( 1 ) co&Mnittfl : 0. 9-1 : 1 . 
HMSB7] imi<=e»08teflHft(l) *. * 

atts-eraa-j-sifcfcitafcf-*. 

im'h&zk£mk?zmm7mmfr?m3£>j 

k * mLk^mmiw^mmm. 

mm i o i mm 1 fcaSfcoaaisaE ( 1 ) t , 

[0001] 
[0002] 



2 

fc. ff®fcJ8H6C:fcA*C§S. «rts. *3£9JfctiVvc 

[0003] -e^-e, fc LwmLmwmzftisrf. 
mmmx-mmfL, m^a^^xtm^m. 

io wwsm&&. sfcwi. mmmxhhcoxm 
%<mmi^fimi>Kt<%&km2ti&. 
[0004] mwBSBum* (m.m.mm) <n 
tmzmLt:£±x&m-z>m;kLx\t. m 

<7>i?mE?h£i>ii>frht>-?, tm&fri-&z.k. m 
fmmmiztt.z j £ximtz> £ t jwt&fcgiajgflffl 

20 [ 0 0 0 5 3 m> . f^y*«Bfflfeftffl«e«i. S6S 
[0006] 

imtfM&LZok-t&mM] m.&fflva$:®fcm. 
#kLxmmt&k^o$mt. *mmt>tmit& 
30 k^tm^x^htfi. mL<ommm$iix^&. 

h&m#kMmm'mm-itLxif>t>&tzmiZ& 
w mzfc&m&zm^hijmkiixmtmz-y 

[0007] H)t>. flfioSS0?coJ: 3*. ig^ttMk 
40 atfcgXLfc<<. «ffi<0*TL*>HS5ix^. it: 

m&kmttethz k ^x^x^mzmmtx it 3 1. 
mmommmixte. mmmm/xiiwmzmfc 

5. 

50 [0008] #yT^'J^TSF*BS€ffl*f: 



(3) 



#B¥8-267 



%h\Z\±. 3mtzm&ffm^79VH>7$VZ&m.ftt 
[0009] 

msft. Mmmxs/ximm. &mz*£&sik. 
m^bxn^hm^m^rm^m.mmimmz 
miMmx-A*). ^mmxffM^mmx'htz 
sttffiff^. Irtish k+tt%mzm.i. 

X'sffiStuzliOX-ht. 

i o o i o ] am. *m&wmizmw-t&. imam 

(a) fcssu m& (a) tMmmxf/3.it\± 
mm, mstzxzm&LKmmzmitmm < i ) tm 

[ o o i i ] t-r „ *mmt>zm-amit tx 

r 9 979 >))\mLViz*tit><oi&ip 

t>ttmfrt>m%ti&'j>%<ti> liwM* (a) . 
&®m®&.v/x\mm. mfiz^t:trA,x^m^m 
ma) zn&Lxn^tizm.mm?ffl&Mitm 
m. ttdz. wm%mim%zmMmzm-&£o- 
m&ts#x%hn&mm%i&Mm?ct>& . 

[ooi2] *mttzm>m-<m%t ixn. mi 
fc^mmmmtimk-mzx'b^x , ±m<nm& 

m& ( 1 ) *K^£fc«¥^&W#tcgjS#S5c 

s-sraau i&ttcomzti&mmzn&wmfmx' 

t. m^mm < i ) o&mn&tti • o. 9~i : i . 
i «KHt=5rs i. o . wmomiMmz ztm 
mt-thwmm. mmrnmizm^^m^mtth 

[ 0 0 1 3 ] 2 felt. *38fflfcffifcSfli39$gBBfc«. 
*St'&-?T. ±!2S-&^?g ( 1 ) £H£fl»aifc L 



TT^yggx«:*<ofi£S£!niLT*^U HSflA* 

ttB&ftSaSA&T&S. >J/H£RlX* 979 V 

)\mmizzixt,<?>m>t>%mirt>&ttii&'>%< t 

? >JA«©Vv*%*» 1 Wi> L < imH. XH79 V)l& 
t, L<tt* rfT? y^KoS-C*SM«rCft *) . 79 
V)\Mt>L<li*979V)imcD&kl±, 79V)imi> 

L<\&x979vmkw,4*yk<mmx'h&. m 

[0014] iii^,coias.vJi{iJ»Siffifflx«fifffl-ra 
ztitxzz. m&m®. ( i ) *com# <a> 
fi«. sgi o~5 omg%nfflavimtzm&m& 
x-hh. fc*fu mfi»^fi#© ± & <,z^tm&&&x' 
<7>mjM*&titbiz. Mmmv/xtemmnim 

tzm-&&®ff*i%<%&0?. 10~4 0Sfi%£>3S 

zokT&msizn. mtimm^MMz. mjsttz&fo 
[0015] (l) (A) fcfcfc 

fc. #«* (A) fc*fi^^figL#S*fift (A) 

xmwsvy a ymmatfrtfyWi, Mfiz^com. 
V7 S F£Dfc£?fcga>£>®fii£^3:< fc t» 1«X«2 

mj±m&.m?&&&ftt Lxma*smx-f>&. -z. 

$tth!zm<7)bh%&tzkt>ixh. mmt* (a) tm 
(D*v? i y%&m*fr*>M. mftz*<7>tm.V7 

30 5 Kfctt. ( A ) WUOWC$>-?Xft=F't>lzrM 

■?-»rs Ytt&ft&nzkX'b'iX . ( a) 

Sre/^;^ySfctT. ^ahys. >fy^aby 

[0016] -< y^¥S»^u *;^y^ 

fcLT. vHyK. 7-7/H. -f^ny^. Tn~-y 
40 bS, ^h53yK, ^-tnyS, 

a >m& iz\&ztit><r>m&fa*m^x'Z ,n±t< 
vAvm. ?v)um. 4 9a>mimft>ti&. 
(a) m«x*u°7 < vmm&fi^y^uuti. 

vmt&xb^x. m*>ttxte, i-vvvj*. it 
v*>j>.%:z<D&jm4*y. 7y*-*>J*4 *y%t'tf 
Wfcx-*h. 

ioon\%t>iz.*v7< ym^ma^ymn 
rs pft^fet lt. mm. 79 y^rs h\ *97 

50 9Vfr7$.Y%Z*WmX'%h. Liit>ffM. mftt 



ttf?$z>. m# (a) vmsm ( 1 ) #ei o~ 

[0018]$ t>lzfc£iffig. ( 1 ) <0pH{±, WffiiDjg 

coieffl^ Bf®. rotr^yK. *u7-fy^F 
^fr^tfyl&fc'^r^a^-t'S . r;^ y ttffll 

A. 7y*-7&fc'£(£ffl-t&.ri:#T£&. 

[ooi9] *sraifcttJires sgsMnrazf/xttS 
t.j:^. m>mmk\±. wmim. wmm, m^m 

W13 8M> Flow2000m tr-BFBBfflffl. 
hMHMflft&£, *fc®Bj<0^>-ffl«**«»WKS, 

#yffefoZ)MCF-7ifflE. bk*B#yiil3fc<QHC8 

[0 0 20] ifc, BiWfciH&mfcM^LWJIfitfc 
ftafefftBaB/vfyyi 8 -^ TlEIBfclrtBlIB* 

(Catharanthusroseus)^ 1 )^ 
(Copt is j a p o n i c a ) „ %9%-~ V&V 
(Panax ginsengJ.^a'XPlat 
ycodon g r and i f I o r um) *if«0)K» 

mm. >v~him. zmax'*. 

[0021] ®&mmt LXli. TXKj^ArX (A 
spergi 1 lus)i, An-;MMucor) 
fL VYTA (Rhi zopus) Jg. 'Ci'WA 
(Penic i 1 1 ium) t^DS-fc^ (Sa 
ccharomyces)JR. ^^/(Candi 
da)I, yyt7*nS-feX (Schizosacc 
haromycesJiit'WXai^ X^x'JtT 
(Escherichia)!, nW?-(Ac 
etobacter)I s S/»«-ie**-J* (Pseud 
omonas)!, 7Mn^?-(Arthrob 
acter)!, ^fna^W (Me thy loco 
ccus)g. rfisfrA (Bac illus)!, 53 
;Vf»JW (Mycobacterium) 



4) «ffi¥8-2 6 7 

6 

^7(Nocardia)I. %£(WrVT* 

[0022] BSfcittMb. ml §J«<offl&&tf/ 
mm. whss. aa«ftif/4fcii«iBt««L 

■fe\ 7nf7- If. rx'W*-*'. SJ't— *?, 

io [0023] ±E<&i»tfyOtt«sB5eflrt-as 

( 1 ) 6Sra*H£fcv«BC«^ 
[0024] 4«ii;/Xli^)ffitt*%^ 

£Jgj8 ( 1 ) £HK*-*IL #fitt (A) MVlzMM 
20 ifViilE (A) AMKB^Utf/aiini^ 
(A) £S3-r&*i£. *>&Ui#fitt (A) 

t\ \,^<vmkx'i>m<?)m&m6. < 1 > zmzt 
( i ) zmorixm-mmmfc 
mLmmz&ztiibMi. wm.-m& ( 1 ) fc, am 

ffSUv. 

[oo2 5]s^BkLT. atu* xf-w/ya 

30 s/1fV^»J3-;K MJlfl'i'/ , J3- 

/K rutri/y^yn— /k 1, 4-7^^*-^ 
l, s-^y^ys^t-JK l. 

at^y^xyxy h-)w>i?79 y u—h tmt. v 

*9T9 y U— K h y > f-n— /PTWtystf^y ? 
xy x y b-;W5 h u r 9 'J u~ h*fci4 mij» ^r^ 
yi'-h. ^y^xyxy-Koxh^r^yi'-h* 

fcttxb5^^T^yV-h, ^fcliN. N-^ff-U-y 
b'XT^y^TSH. n, N-^t^yt'x^^r^y 

tifiX-ZZ. 

[0026] wmsmmt ixa. mm* v vj*, 
m^ry^-v^mim? h y ^^^(nmrn 
•sxivm&mzWfiX'Z. z.tih<r)?-h<?>im&iz\t2 

L-rx3^b*ye^k'fc ^ffffl Lfcv k 

»Ik LTfflv^ i i: t. «TlgT-S>S . S^(E31»lO»li 

50 trtt. UMViUt. S^ffiitffllfc N, n. 



NT , w -TVyA^iv^vy^r^y, x.*i>y 

i o o 2 7 ] m*<mwtzm>&%mm£^ 
xmmizmm-z. *wa£.m>z>gmm<?)i§m 

mmnmm ■ ixmmnma&zmi 
[ o o 28] ms. m&m& ( i ) *<7>2mm&i±. 

^JraL7tmSflt(A)t^E;Hat:MLT0- 0 01-5 

ow%<?iikmx-m^tih. zmrnnmrnvo. o 
oi^)v%mx-hK\mhixhm^A.wm\i^t 3 

L$>->xmiuz«%&. --h. sawxzmih 

[ o o 2 9 1 m^mmtm^mmm&tm 
m&iz-i^xmm-z. m^mmtm^mmk 
a. mams. ( 1 ) ^mm^xi^m^^xhJ: 

[0030] a^fflJBBtt. S^glSS ( 1 ) 4"V *fi 
ft ( a ) to»e;MRt»LT 0.2-1 0*/k%w3g 
Hmsirrso* 1 ®^*!.. ^-fti(oi%&xi>. o. 

2^%^wS-g^g»JcomMT1iS^E»<^!l 
^<mmfiT^<*cZVX'Z<OMBX'<7)W3iMiJ ! m 

^Mi. ( A ) OSSn^MRKSt Lt 0 . 0 0 5~ 

l. o : tii>%<o®mimm'b&. ^-rtwm&x'h. 

0.005 *tl>%WFTl£S.&fc]£lz&*&883t:W 
U l. 0*)\,%®±X'liWt&(^»Wlfe<&ifflm 
<r*U±8l£ig?£ ( 1 ) £«fflfcSL&A,T 

[0032] I^B^fttontaWJ . II 
££Hiffc?r;b£&*:«>W;L S^§St ( 1 ) <P<om 

-mt Lxmihtit. m&mmmt, w&£&r»x 
m&mz*). mmmm/x\mm<mmz®wfi 
x-hzkmibtizcox-. x-z&mnisa&xfTojjtf 
mtw mmm/xwmm 
£.imzmx'h&%t>\f. z<m<)xm\\ 
x. mismtimmim®. o^owmxwsi 

•?&Zb#mi><. §^»C0-2 5X;wKH* { J: 1 3ff 
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[0033] m&offlthk mim^mmtmm^k 
mkzmmLtim-timt&ii) +. t>i<i±z.ti&&x 

2iiX^&mim-&3im<?>iSBl?: ; £-*-i-&ZbT 

ft&zbtfx-th. bb*>. m&mm&bbuzm. 
#±#u *rfx*ff>®&mm±.L. T&vm 
h. z<DT&tm>t:B!f&zi,'>xm&0mjb'f?>. 
zff)mgmmmz)sv&i:--?®m$. fkmrnsas 
/ximm<oim*:Wj:h%\,ie&iz%&£L mm 

io mi>^xmztektmmt:mm-t&z.b#x'$&. 

[0034] LX¥k^tiJi®fctt£.ffiim±Zn£ 

£mb?h±{t<m%jiiizm^z,z:bVTZz&. * 
mtimzmi-t&mirbh^izte. mmmxf 

xzzximixLxw nt>hx:®SL 

x. mtawBOk* asmss. wmiziz&m. ® 
igm&cb'm«coi3mmmxzz. mm^r-nni 

t®t&vxm.t:mii,izmmx. miAhh^ntrnx 
mmns. %x^-xxmi\zmittmxhh. 
[0035] *mtz± ixm.ti&mszttjktmmt 

immrnx-hz. w*>. mmsmzx-ixwrnzfi 
^isttMi. mm&iz^xwmztihm*?) 
wx<mm&k&.mm. zlx. mm&iz^ 
xmm$tihm«(o*M xm^mmammmm 

X'ZZ>. 

30 [ o o 3 6 j $ -r, ®m£&izxz®fe{t!kmm> 
wmnmiz^xwffli-h. m£<vfmizx->xwmL 
am^m. ( 1 ) mmnmmmzMx^ m^rnm 
bmmMm^mmmix\m^ifmm-?> . §t 

&^>*>ttoMS^}ga ( i ) tm-smm. msm 
tmzm^ tizmmxi> mtm-szitbtiz . 

[0037] ^f,fL6@^fl^ft«jS3i«Mfc-i3 

«t-&scot. mtBmzG&Lny-'t xi>l<i£mt 

40 ±tt&su&izmmx$&. -u. mm&mt. m&m 
mmizx-y-z. -eco*t^LTtfi<. -imm 
ft->xfrt>$m%itxi>&\.\ mmttmrnxkim 
miw^^m itzmmxmizmirtmxbz . 
[ o o 3 8 ] ifcfc. mmmssnz x mvtnmzmk& 

mzvm-r&iimb lx. itM^&^m. ( 1 ) <o\m 
m3ittittmm.iimMmmwzmm&m& 
( i > &#®mmLxm&?&i}m. Ac^m^xium 
m&com&(otiMzmm-&itt> t )tz. m&imz* 
so ^m^xii^mmeomm^izmaLx. m&mm 
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[0045] imaMmm^miii. mtmm < i ) t 



9 



[ o o 3 9 ] a-f . its&s^gjff ( i ) cottMtz^ *&Fmx&®mmm coitmtffrj< x 3 . mm 
ttttm&xi±mm&(oim*iz. mmm ( i > msmm &*sfc-c*>s#, mm^m^mm 

® ( i ) s:Si«fcS3S-rs fc , &ism® ( i ) usr z t s . ^o^kh^s £ k <ot-s & 



V, tf^y. ^T^y. *?n^*?>. Ji. S^g«t ( 1 ) vWaSm&lzftfceZ&lo^ 

mm. * w y y v u yit&ifoDfigas [ o o 4 6 ] y x*>&#®isttsifc lt«, *y 

lawrKBSSL ovy. h/i'xv^fc-c^g^^rs yifi'>'7A'Wi-f;K tfytf^xf-wyTVi- 

ymmmi:&i*z-z. zii^wp^matihim ^^^^uyv>v^ymmmx.^y-)v. !i?y* 

V\ &£f£;pf& tfyxf-uv^yn-^fc 

[0041]S£?§8t(l) ttmtcoikSLiVtHrc LXli. &\.^<?>4H^coi>cr>$:m^&Zt&X'Z& 

m^i^rd^iz^xmmt^. m&ffig. a) com i 1 . 400-100000 ocozm?>t>co&&& uv, 

mX<V®ffiift£^tt&tilhtzl±.1fm<D±M.co 20 [0047] i^oy-3j->-^|fffiS5ffiffil2Sl^»Jx 

tmzm&t&zttzxix . *uyrva-)i>nrpfrt>iwxi±2mj±£m^&z 

d k-tSS^SJa ( 1 ) (Dti&tziBrnf&Z bW± L btfX'Z h . yx^y^tSSttlPJa^/^fcJidfJx 

[oo42]ep*>. mmtoamt. msmmuxo i^M(i) fcsti/co. oi~~2oa&%# 

ittOtttfl : 0. 9~1 : 1. lW&Hfc&SJ: ff£LH. yxpJ-y^MJS^aW/tfc^yxf- 

^■jgja ( i ) hmmt#±MtTmtizfi-mLxL& -t&com* u*. 

V\ #ffa^N$fc*££fc:5:S*tf>. &mco®^t:®%. [0048] *§fl8&fifffc LTJi. Mx_li. 5sV 

£fc#"CS£. egJiSS^coJg^Kri-^ oy^A. KflaiWSrWft 9 , &*>T'i> AEROS 

•ti^-ts. s^t. BWfcjstTSs^io^msa il R-972. 974. 502. 805. si 2 

v/tMimmiZwmtz z ttrnt u\ < a*7xn^g) *w>^y *tffiwtt;n> 

[ 0 0 4 3 ] .1 -3 LT&;fcgi$pi&fc. S^gfM^kffl^ Mu 1 0 0 MraHTOy'J ^fcftWff 

mmzmmiim-frmm-z. msmm ±t<. $mimM3-x'3>&t,<r>tfz t>izm t<m^ 

kmsmw&s&mm ( 1 ) emtxirt,. mm t>tiz. 

mm ix *, m®com-&m®x'2>h . mm® ( 1 > [ 0 0 4 9 ] wmmft=wmimm.&®m ( 1 ) <n 

(omm^omamn. as. 1 0-5 o«£S%wsh ssnsaift»f«S}a^g. s 4,t{±jM^ati^Tp 

m * s fefcjK l< 3o~5 o«^%-cj, e*nasis^co^iid^ii. wms&tm&m 

imr-re>%b'Lxmi<%\\ *\ -mttx. u&mm 6 o »i £ 2 o o a i commix- 

[oo44] s^ojifTisa«. m^)M 0 „ a^t s^co»*tt^ y *m&fmmtmmz 

m2Ztt£ : t~?-'thZtlz£->xmft&. ZoL ftVXO. 0 5~l%£0KH* I ffiU\ 

T#4»M:H^fl^«*as8±y >y 5/*2w^/afcaev^ [ 0 0 5 0 1 c wa^os^ii. ±s«j^Bs^*«t 

ten mm LTisjJK-ts . bjr iKmL-mmmtz m-x-$>& . ( 1 ) k, twf>«xi±* 

cotzw5£m^z®iiimftLxjrg%nmm<t zmLimmmtLxwmL. %tt&$m*m®izm 

m^imiLizmmtzm&tm ( 1 ) ^^is: ■ s ( 1 ) izTt^ywutfco&z 

mLxnfrt&mnz^xmmz. so mst&umx'b^x, &-am& ( 1 ) m$.izm&cm 



cowmt Lxwmmtzm&&. 

[0040] mmiztimxz &wsmt tx. 7$ 



mmt ixn. mnxtmmxt&pmwmm^-fti 
tmmxzh. znmtztsuxmat&ftmsmk 
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jfct m— cs»5. T)^swx\&%v>&nmmm& * >&yA4m&£mm ix it ? y ymmm.fTi>y 

m&d) tpvm&tfo .oi~i awmnmsxm )W)w®#?c< . $stfi^T§ s . 

anr* £ s . [oo54] mjK ut. ?mmz i &$r&&B®fc 

[0051] S£igfK ( 1 ) fc 7;^>-|£5U2-£-<7)lI£ fflH&ZrtiBai ( H£ft£ft«$E > 12. fg® • mtcM 

Msvt lx. mm. x/ui'VA.'iTty. mkrwrnzx ^mwmiz^thcoxSi^x . assort 

8H:t>\ T^S^A-f^ySrfc'S^trtO [005 5]HSSPH. »ftfcLT3 7%7?y;H? 

JIMIfcLT. filbSr/l^A. JtSftV^ 10 ^hy?.A:*Jg?83 0. 4 9 gfc77 U;Hg2. 88 

boVf-^A. igtfjg. MfcM'S'ftA. mt??*^ £0. 4g.*S13. 83 g&£Ut#j§igfci^f- 

fiftfL «fcT*5 iySrfc &mf 5 £ fc WW 5 FttfcttSfr (Arthrobacter 

#6. ±a#«&iiSkL a^i~5Sfi%^g«j§?a man zmm&arixM&mmzimiiz. ztuz. a 

fcLTjfJV^fc##£U*. 4$ffiffltLxmsmT>*-VJ>.t:0. 95g. fi£ 

[0052] ^fc^S^ffiiCTKi:Wtfi^S5&»Jtt ffljtfllfcLTN, N, N' , N' -f-YJt+ftfc+V 

T>UX>®XliTJl>X>im$:1ftsi&£m8L ( 1 ) fcS ^'TSi'l g£^LTlll!Lfc8?a3:ftJi^-l' 

SE+tSanLTtJV^Tt J:^. ^ffl^lS*^S+tT [0056] 1 5 #fSK6$ ffi-^teSrftJgS^ 

^VKRV^S^tfS^SFJS ( 1 ) S:S®T-tS 20 -U*^BXOi«LT*ffiU. 3-5mft«±#Sfc^ 

fc. ®miz¥>wLimzz. z.tn±T)i-*>m&$>iB& xo. *xi&-,xwmuz. &^x\ ztit:>-v*y 

J: oTSHSSiiS i fc Cjg&rs . J: <3sf>fvC ;k$-Aiut-f^-^-(^L. S3. «EETT\ 

V^,«giT'*S. Sa&U;. $£j!SfcJ:-?T. S^ftcOfcWfcfc&l/^Ofc: 

[0053] i<0^tl4*fi«c (A) com&itt^m tft^Ui. ifiS-^^ltAiiT3^flia^iaftff 

LT*S < . ZctMfttz iot, *fi«c ( A ) COM MM,1*T 5 K^fftgififcigS Lit. 

£t»srru *«c"cs^&@gfl^*«ai*^r& [0057] 





mm. (/D 




3 0k 


h 'J ->A . 


1 0 E 




1 K 




2. 5k 


'J 'J* A 


2. 5 K 




0. 2k 


Jfrffc* K 'J "?A 


0.5 k 




1 B 


. *S* 


9 5 0 k 


PH 


T. Og 



[0058] «»69ftl5UBttJM&««L 
■CflcBb6<»3 0<efcKSLfc. 3BISg3iU:fc^ 
^f-;|/*^Ar5K«5 0%*^j^3it)t. ClOHS 
ni^W'^U grSf&igltfclgSLfcfcC: 

5. Kffimmi. 5fe£.*kkLit. mmznti 



^Se«S*S?K+(c-^[^iSLTT^ y/ugfc««3# 
fcft<0i^ii&M^:. i»«fc^6 6 0nifc;BW-£i&5E 

WfSft^iiM^^^fl^^fcS-irr. ^2tC*^ilT 

v^iac. 7?y/i^by*Aems^«fci> 



*firr8-267 



13 

[0059] Mmi. 3$Mfcb VXT9 UA-TS K2r 
7. 5g. mmtLxn, N-Xf-Uyt'ZTtV/U 
7SF£0. 4g. *^5 0g^Lfc*Jgffifc^f- 

£0. 95g. m-SWrnt LTN, N. N' , N' — 
xh^fVKCf-Wy^TSi'l g£SSnLTPgLfc 

[0060] 1 5«in Kf6§*t^, SgftiMHBS'-* 1 

SS£«lfc*U^ 3tt*«<*A*rS F-frftlgfifctt* 
St 2 



1 4 



/PATS F«»£MNtt^6ft&4'o*:. 
[0061] m$ilzm-&T? FflfKHI 
*&jfc«>fc. Jb&atl&SBtfll fcPfflteSErifer* 7? 

[0062] 
l$t2} 



3} ja 




9 0 


8. 


1 0 


1 5X7* !»*TS 


K 








9>ia »a 


4. 


4 B 


4. 


4 5 


1 3 aia sem 


4. 


3 2 


4. 


3 5 


2 2 Bin &m 


4. 


3 3 


4. 


3 0 


1 %%7 9 <)»»- 


79>JA>m+t99J* 








9 Bin »m 


4. 


5 6 


7. 


4 5 


1 3 bid «a 


A. 


4 2 


7. 


1 5 


2 2 Bin mm 


4. 


2 2 


0. 


9 1 



[0063] m&m . *ftflct lx* it? vivm xfnmfc{wmcD-&z 1 xjoio-xftKhtfeD i 



4 0fim^^S*^£*IHfr*-F 
pH£7fcB«EU:SK3(>il. SmMtLXK. N, 

n' . N- -r*+uyvxr9*jA'T$*>ko. 02 

4 6 g . 1 0 g^Ufc**Sl:±«frWWBU; 

[ 0 0 6 4 ] )»m£B9fffifc 3 0 Oi180He 
/^^^xafcli, JfcKtliEHKlJb^D^ 
1^fcHHOasoaiaWH2 0 O-lfcAiVCiSg* 1 
OTacRjeU»154HB. fflWTXtaSRLTJSSB 40 
SfcHsSLfc. 6 0 On* T 

.fi^H^fc LT^EST^*-^* 0 . 9 5g.fi 

&mmt LT-ff5^^xf-uwrsyi 

S^(c^2raLTfi-&^?fofc. 
[0 0 6 5] 1 54HS1KJSS-£fc&. RJS#5S£Lfc<0 
"C. Wyyfryyxxwftmi&BtoWlZ&O. 5m 
m^±izhtf. @Sft«£lllJKL*:. ChfcWr 



fco yeast nitrogen base m 
e d i umfcggLT 1 HUlW^^ffofcfcii. 8 

[0066] m&m. mitLXitSffQ. 78X& 

mmtoWixwsLmmvmmZi&z-t:. gcsotsuL 

«iBii»6ft.-r. mRn®%.{m®jmMLt:\V'ix' 

^tvfzmfcas&Z5mm.ff)*:zziz*xm^xw 
6SLfc. citim^xmim2tm<ot*mff->izk 

[0 06 713^4. fSMtLXitSffl. 63-C* 

&m*m*w^**£mamm2 1£< mm 
vjrmz-miinumvwmz^tc. msw%%. mm 
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aU^S*ff->fcfc^-5. ^a-xcojmifi^ii 0. 4 gM^Lfc^ffifcTx^l^x • fl")x 
fc. (Aspergillus terreus) IF06 

[0068] mmm. m.ter\-wj±xm:7£m i2 3nmmm&io*m-&Lxm&®mzmmL 

^f-Vyh*XT^y;PTSFi&0. 4g. TX'^df/t' [0072]— Jgfl&£BX9tt{«i3 0 0«i;g=?)-fe: 

X-t-P^X (Aspergi 1 1 us terreu KyfUV^XOtti, 0. 3 gCDfflSSff s-'Utf ( A 

s) IFO6123£0ffi : Fgiiffl[10«l*^LTg^ EROS I L R-9 7 2 ; B*Txa^S) 

igffifcPffiLfc. 10 L^v-^OA.^-9-y2 0 0«lSrAilTSS^10iC(^ 

[0069] i: 3 0 0«lgtf)-fe £U *«) 1 5#fS. ^^X^Ji^LTSffi^S-^* 

A7^77X3(cii> 2 0 ObIA Lfc. *£^-£jgi££&&nU 6 o 0n» T-JSSfUa 

*U 1 0-Cfc^SgU m 5#flL ^IgtfxSriii jgfc LT#ifc3-£*:. -«t^L^t^^Tfi^5& 

^LTjg#S^Sr^*L^. i-M^iSSttSI^spa fflfc LTSSKIET^^A?: 1 g. S^SSSItLT 

n80 (yjMf*y%yjtt'X-h) £4S8s&nLfc N, N, N* , N* — FhWfJfcXf-lxVSfrSVl 

tt. ±EOS^5S^SSnLT6 0 0rp» TfiitfU S gfcflH8Rfcaaiil,T«£fctTofc. 

ffifc LT#a3tffc. HW=0«Lfcfc Wiiiffl [0073] 1 5#EiBS*fcflL £JS#5a£Lfc<0 

Wfflt LXmS&T^-t&Z 1 g. S^teifUfflfc L -b^7^77X3c0rtS!feS:a^#^0. 5bb 

TN. N, N' . N' -■ f-hJjt+toL+Uy&rSy Wr>VAm\±]Zttf* S^-ftmi&IIJJRUJt. - 

* i &maLxm.a>*mi&Liz. 20 fiSx^-^-tfiu asET-csais-t*-*:. 

[ 0 0 7 0 ] 1 54mU£Z&i®. KJBA^Lfc^) ®m&tz7JzX 1 r J!JSe>Mia«#£fTo 

t\ ^WA^aawrtfflBfcBOBl&jFO. 5b fc. ^^Tl6S^<bffl)fi^-gi5S-«3^Lfc^t 

-as£*a;u m&mtimmzmLte. 300*0 wfis. 0 3g/L£j£Lx\,vt. 

igS^. mm:%ViL1ikZ.b.4f?>Wfi4. 8g [0074] 

/L^BELTV^. [^3] 

[0071] m&m . jj*hw h y ^n** 7 izm* 
ma 



«S# SK C/L) 





30B 




5 E 


y a 


l 8 


u 


38 




0. 8B 




Ze 




l 0 0 fig 



[007513SS&H7. JjiflfcfcLT. pH£5. 7fcH 
SLfc3 0%T^U;H^hU>7A«ja5 0«lfc. 
mtLXK, N-jt+VyHXTtVfrTSYtO. 5 

— £ (TX^yi/^X - (Asp e r g i l l u 

s n.iger) da*) 5 0 0U£-&trggS*l 0»l£ 

m&ixw&mRzmmLtz. zuzzcommtrfr* 

yWtth'JV&O. 5g£&JllU i:<m&2&Z. 
[0 0 76]-*. 1 Lgt'-jfr-KH:. 0. 2M«*g 
fl^yl'^A^fftSOOalt:. jSKKTyt-^ASrSKSO 



^5g> M^fl8U?>]fcLTN. N, N' , N' -f-h?X 

morfmiz Tiv^vm tm&i, iyxy*yrtm 

fc. iSTroTft£ 3 0#ScSLTH£«35i£lllS 
[0077] @£fo&TStf-;<r -<0ftWfa £ B^H^ 

#o. Sa^oxryi'Xilv^t:?)^ Hs&ffcBgl£ii 
JRLfc. Hg€S^«-«i£-l 0%^3-x^tf'J 
ygSKffiiS (pH5. 7 ) OgSLT. g^Stt^M^L 



